The Active Magnetospheric Particle Tracer Explorers (AMPTE) IRM spacecraft performed a series of eight chemical releases in essentially comparable pairs. There were two lithium releases in the solar wind, two lithium and two barium releases in the near-Earth magnetotail, and two barium releases to simulate artificial comets, one in the solar wind and the other in the magnetosheath. A variety of plasma waves were observed in conjunction with each of the releases. Although there were unique features associated with some of the individual releases, the comparable releases generally produced similar wave emissions. This paper discusses the similarities and differences among the releases.
INTRODUCTION
A major objective of the Active Magnetospheric Particle Tracer Explorers (AMPTE) spacecraft mission is the study of the local perturbations caused by the release of the tracer chemicals. The series of eight releases listed in Table 1 were conducted between September 11, 1984, and July 18, 1985. The mission is described by Bryant et al. [1985] .
Two lithium releases were made in the solar wind upstream from the Earth's bow shock near the subsolar point. Two other lithium releases were made in the tail of the magnetosphere, one at a distance of 18.7 R e and the other closer to the Earth at 12. This series of eight chemical releases provided a unique opportunity to study the interaction of the ion clouds with the ambient plasma under paired sets of complementary conditions. Lithium was chosen because it is a light and very rare element suitable for the tracing experiments. It has a long ionization time (approximately 1 hour) and a high speed of expansion (4 km/s). Barium is a relatively heavy element with a short ionization time (about 28 s). This generates a strong perturbation in the ambient plasma.
The active experiments were essentially performed in pairs as listed in Tables 2 and 3 . There were two lithium releases in the solar wind. There were two lithium releases in the magnetotail. There were two barium releases in rapidly flowing plasmas, one in the solar wind and the other in the magnetosheath. Finally, there were two barium releases in the magnetotail. The matrix of conditions is shown in Although the excitation mechanism for this emission is not known, it is likely that the waves are ion acoustic waves [Gurnett et al., 1985]. The ion acoustic mode has an upper cutoff frequency at the ion plasma frequency. The waves may be thermally excited. The waves just below the cutoff are expected to be strongest because they are the least damped. The frequency of these waves is modulated at the spin rate of the satellite. This peculiar behavior suggests that the waves may be related to the presence of the spacecraft.
The third phase is the crossing of the boundary layer upon exiting the diamagnetic cavity. The spacecraft exits the cavity because the plasma cloud picks up momentum from the ambient plasma and is convected over the spacecraft, which has a velocity less than 1 km/s. The broadband pulse observed at this second crossing of the boundary is very similar to the pulse measured when the cloud is first encountered. This pulse can be seen at 1233:30 UT in . waves were nearly isotropic while the ECH waves were nearly perpendicular to the local magnetic field. The ECH waves are believed to be driven by the energetic lithium ions accelerated by the solar wind induced electric field [Roeder et al., 1987] . Finally, in the last phase we observe wave activity that appears to be associated with the injection on a longer time scale after the lithium releases in the magnetotail. The spectrogram in Plate 4 shows ion acoustic waves, ECH waves, and possibly some whistler mode wave activity near one half of the electron gyrofrequency from 5 to 8 min after the lithium release in the magnetotail on April 23, 1985. This spectrogram should be compared with the one in Plate 3. The time scale may be lengthened by the slower decrease in plasma density within the cloud.
CONCLUSION
The eight chemical release experiments performed by the AMPTE mission provided a unique opportunity to observe and compare the wave activity under a variety of ambient plasma conditions. The experiments were conducted in pairs. The emissions detected following each of the releases in a comparable pair were quite similar. This is convincing evidence that they are not isolated observations but are fundamental to the interaction between the injected plasma and the ambient plasma. Most of the emissions that were observed have been at least tentatively identified.
